Lymphocystis was observed in Atlantic croakers (Micropogon undulatus) and sand seatrouts (Cynoscion arenarius) collected from brackish waters of the Mississippi Gulf Coast. This is the first report of lymphocystis in Fishes of the Gulf of Mexico and adds one family and two species to host records.
INTRODUCTION
Since the first published account (Lowe 1874) of lymphocystis in fishes, the literature concerning this disease has become extensive. The gross and microscopic morphology of the tumor, as well as i t s viral etiology, are now well known. Since several recent reviews (Nigrelli and Smith 1939 , Weissenberg 1954 , Nigrelli and Ruggeri 1965 , Sinderman 1966 of the literature are available, it is not.necessary to discuss the history of lymphocystis here. In their review, Nigrelli and Ruggieri (1965) included an annotated bibliography of papers on lymphocystis. They also provided, in tabular form, a list of all host species of the virus. This list comprises 49 species of 20 families in 5 orders of fishes.
In March 1966, in conjunction with the Cooperative Gulf of Mexico Estuarine Inventory and Study Project, we began extensive sampling of the fauna in Mississippi Sound and adjacent waters. This study area included four estuarine systems which are, from east to west, vid Fig. 1 .: Pascagoula River, Biloxi Bay, St. Louis Bay and Pearl River. In a sample that was taken on January 13, 1967, we found one fish that exhibited tumorous lesions on i t s body and fins. We tentatively diagnosed the disease as lymphocystis and subsequently searched for diseased fishes in all of our trawl samples.
Little information concerning the environment in which lymphocystis infected fishes are found is available. Therefore, we have given special attention to several physical characteristics of our sampling stations throughout the entire period of sampling. These findings and our observations on the histology of the lymphocystis lesions in the Atlantic croaker (Micropogon undulatus) and the sand seatrout (Cynoscion arenarius) form the basis of this report.
MATERIAL AND METHODS
At least one trawl sample was scheduled for collection a t monthly intervals a t each of 35 of the 50 estuarine stations located in Mississippi Sound and adjacent waters of the Mississippi Gulf Coast, vid. Fig. 1 . All stations were established between March 1966 and January 1967. Consequently, a t least two years of sampling was scheduled for all stations. Trawl samples were scheduled for collection every other week a t stations 13, 32, 37, 33, 34, 36, 31 and 35 . Two samples (one daytime and one nighttime) were scheduled for collection a t monthly intervals a t each of 6 off-shore stations located a t ten fathom contour intervals between the 5 and 50 fathom curves in the Gulf of Mexico.
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. m 135 vary in size and shape. Tumor cells in the croakers (Figs. 4 and 5) are irregular to ovoid in shape; in the sand seatrouts (Figs. 6 and 7) they are circular to ovoid. In the croakers, these cells measure up to 163 x 350 u in their short and long diameters respectively; in the sand seatrouts, they measure up to 150 x 188 u. Each cell is surrounded by a distinct hyaline capsule that, in the large cells, measures about 2.6 u in thickness (Figs. 4 through 8) .
Each small differentiating tumor cell contains a single, centrally. located nucleus embedded in a large amount of granular cytoplasm. A network of chromatin-like inclusion bodies is present in the cytoplasm of the larger differentiating tumor cells. These inclusion bodies are confined to the perinuclear region of the cell.
A large, eccentrically located nucleus is present in each mature tumor cell (Figs. 5 and 8). These cells also contain large amounts of granular cytoplasm. In each of the completely differentiated tumor cells, the number of inclusion bodies is markedly increased and they form an elaborate network a t the cell periphery (Figs. 5, 6 and 8).
Normal tissue is mainly confined to regions of the tumor that contain small differentiating cells. This tissue surrounds each young tumor cell and is composed of the usual dermal cellular and connective tissue elements. Numerous capillaries are present. Normal tissue is infrequently encountered surrounding the mature tumor cells (Fig. 9) . Hence, the hyaline capsules of these cells in Micropogon undulatus are either confluent or separated from each other only by thin strands of connective tissue (Figs. 5 and 8) . However, the tumor cells in Cynoscion arenarius are widely separated either by connective tissue or an amorphous, hyaline matrix into which the hyaline capsules blend (Figs. 6 and 7) although the outer boundaries of the capsules remain discernible.
Physical characteristics of the environment:
The specimens observed in this study were collected from eight of the trawl samples taken at estuarine stations 33, 34, 36 and 45 in the winter months between 13 January 1967 and 20 February 1969.
Ten specimens were obtained a t three adjacent stations (Fig. 1 ) located in the Biloxi Back Bay area. Eight of these were collected at: Station 36 (30' 27' 24" N, 88' 56' 24" W ) in Bayou Bernard. Two Lymphocystis infected fishes were not encountered in the other two estuarine systems (St. Louis Bay and Pearl River) nor were any observed among the thousands of fishes, including croakers and sand seatrouts, collected between the above mentioned estuarine stations and the fifty fathom curve station in the Gulf of Mexico. Therefore taken each month.
L/ S p e c i m e n s w i t h l y m p h o c y s t i s
Water temperatures (Fig. 10, Table 3 ) a t all three stations showed similar seasonal variations. All specimens with lymphocystis were collected after the water temperature had dropped below 15O C in the fall and before the spring warming trend. The temperature periodically exceeded 15O C during this period and the minimum temperaturewas about 8 O C.
The salinity (Fig. 11, Table 3 ) a t all three stations was generally lower during the winter months and fresh water was encountered in the entire water column a t each station a t least once during the study period. However, elevated bottom salinities were routinely encountered a t station 45. This condition is apparently caused by the intrusion of salt water through the Pascagoula Ship Channel (controlling depth 38 ft.). The average surface salinity concentration (4.3 ppt) was lower a t station 45 than a t either station 36 (7.3 ppt) or 50 (8.2 ppt).
Dissolved oxygen concentrations (Fig. 12, Table 3 ) a t all stations were well above the minimum requirement ( 5 ppm) for fishes during the winter months when lymphocystis was observed. However, anaerobic conditions persisted a t station 45 during most of the remainder of the year. Bottom water oxygen concentrations below 5 ppm a t station 36 occurred each month from May through October. Averages (Table   3) were below 5 ppm during July, August and September, 1968. At station 50, the lowest concentration recorded was 6.35 ppm in June 1968. Low oxygen concentration apparently accounts for the small number of specimens collected in the Escatawpa River.
The pH values (Fig. 13, Table 3 ) were generally a little lower a t stations 45 and 36 than a t station 50. Water in streams of Pascagoula, Biloxi Bay and St. Louis Bay watersheds usually has a pH value below 6 (Anon 1961 (Anon -1966 before mixing with sea water in the estuary. The pH value of sea water is usually between 8 and 8.3.
Higher concentrations of ortho-phosphate were observed a t stations 45 and 36 (Fig. 14) than a t station 50 7Table 3).
Total phosphate concentrations (Fig. 15, Table 3) were extremely high during some months a t stations 36 and 45. They exceed the maximum a t station 50 several times during the year. I.
-.
2.18
-2: ! 2>5 (Fig. 16, Table 3) were similar a t all three stations. The averages of concentrations a t station 45 were higher because 4.00 and 4.30 ugall were recorded in May, 1968. ".
D I SCUSS I ON
The results of this study confirm the diagnosis of lymphocystis in the Atlantic croaker (Micropogon undulatusl and the sand seatrout (Cynoscion arenariusl. This finding adds one species from each of two genera and one1 family (Sciaenidae) to the list of fishes that are known to be hosts of lymphocystis.
A single specimen of Gunterichthys longipenis "apparently infected with lymphocystis disease'' (Dawson 1966) was collected in the Mississippi Sound near the east end of Ship Island in March 1963. However, this observation has not been verified by microscopic examination of the lesion (Dawson, personal communication) . Weissenberg (1945) showed that differences between fish groups are evident in the tumor cells of lymphocystis, especially in the development and configuration of the inclusion bodies. Nigrelli and Ruggieri (1965) stated that subtle differences between species exist but they have not been characterized. In addition to the variation in the maximum size of the mature tumor cells, we found a difference in the intercellular regions of the tumors of our two species. In the sand seatrout, but not in the Atlantic croaker, a hyaline matrix that is morphologically similar to the cell capsule is frequently present in these regions. Neither the origin nor the significance of this matrix was evident. Further structural and histochemical studies of the capsule and matrix are now in progress in our laboratories.
It is interesting that we have encountered only twelve lymphocystis-infected specimens among the thousands of fishes that were collected during the three year sampling period, especially since numerous young, infection-free specimens of several species (;,e., Lepomis macrochirus, Pomoxis nigromaculatus, Ceratocanthus schoep fi and others) that are known to be hosts of lymphocystis were present in the samples.
All the diseased fishes observed in this study were obtained during 'Two families if Otholithidae is a valid family.
the winter months of three successive years. This finding is in accord with those of other studies (Weissenberg 1945 , Hansen 1951 , Wolf 1962 which showed that low temperatures (12.5O C in Wolf's experiments) favor the outbreak and transmission of lymphocystis in a fish population. However, outbreaks of lymphocystis occur also in the summer months (Nigrelli and Smith, 1939; Witt, 1955) . Indsed, in his study of white crappie from the Niangua Arm of the Lake of the Ozarks, W i t t (1955) showed that the highest incidence of lymphocystis occurred in July. The occurrence of this disease in some species of of fishes during the summer and other species during winter is not understood. The influence that fluctuations in chemical factors (Le., oxygen concentration, salinity, pH, etc.) of the environment may have on the incidence and course of lymphocystis is unknown. In order to compare environmental conditions in estuaries, we must also note influences that result from conditions in their respective watersheds and the amount of sediments and pollution contributed by these areas.
Drainage areas of these systems vary markedly. They are as follows:
Escatawpa River -630 square miles (1827.5 square kilometers), Bayou Bernard -75 square miles (194.2 square kilometers) and Jourdan River -350 square miles (906.5 square kilometers). The average flow of these streams is approximately 2 feet 3/second (56 meters 3/second) per square mile of drainage area but with considerable annual variation (Anon. 1961 (Anon. -1966 .
Preliminary estimates of gross erosion and annual sediment yields (A.C. Burford, personal communication) indicate that erosion of the Escatawpa River watershed (1993 tons /sq. mi. annually) is greater than that of the Jourdan River watershed (1770 tons /sq. mi. annually). Conversely, the portion of sediment delivered by the Jourdan River (476 tons /sq. mi. annually) through the vicinity of our stations is greater than by the Escatawpa (372 tons /sq. mi. annually). The suspended sediment load in the Bayou Bernard watershed is unknown.
Robertson Lake, in the Escatawpa, and Big Lake a t the mouth of Bayou Bernard, located immediately down stream from stations 45 and 36 respectively, collect some of the finer suspended sediment load of these streams by spreading and slowing the flow. Both are shallow areas with soft mud bottom and intertidal mud flats. No comparable condition exists between station 50 and St. Louis Bay.
The lower Escatawpa River and Bayou Bernard are grossly polluted but the Jourdan River is in a relatively pristine condition. Since most of the watershed of each of these streams is located in Jackson, Harrison and Hancock Counties, respectively, examination of the population densities of these counties gives some idea of the relative amount of pollution possible. The estimated 1968 population (Smith 1969) Industrial pollution is varied and heavy in both Bayou Bernard and the lower Escatawpa River (Wakefield 1966 , Panagiotou 1968 . Slow tidal exchange increases the time of stay of pollutants in both streams. No significant industrial pollution exists in the Jourdan River.
No cure for lymphocystis is known (Wolf 1968) . Although this disease currently may not be important in wild populations, both the increasing ecological stress (Le., pollution, and possibly other factors such as boat traffic) on estuarine populations and the mounting interest in mariculture emphasize the importance of determining the relationship between .the disease and the physical conditions of the environment. This problem can be clarified only by long range investigations of environment where this disease occurs with some degree of regularity.
The fact that heretofore lymphocystis has not been diagnosed in fishes of the Mississippi Gulf Coast area suggests one of the following interpretations: Lymphocystis has only recently been introduced into the waters of the Mississippi Gulf Coast; the disease has been present indefinitely, but i t s incidence and course are suppressed by unknown factors; lymphocystis has been present indefinitely, but remained undetected because of the lack of systematic sampling of the fish. population in the estuarine and river systems; fish under increasing environmental stress are more susceptible to lymphocystis virus. The observations of this study provide no information as to which of these interpretations is correct.
